Two experiments examined the testing effect with open-book tests, in which students view notes and textbooks while taking the test, and closed-book tests, in which students take the test without viewing notes or textbooks. Subjects studied prose passages and then restudied or took an open-or closed-book test. Taking either kind of test, with feedback, enhanced long-term retention relative to conditions in which subjects restudied material or took a test without feedback. Open-book testing led to better initial performance than closed-book testing, but this benefit did not persist and both types of testing produced equivalent retention on a delayed test. Subjects predicted they would recall more after repeated studying, even though testing enhanced long-term retention more than restudying. These experiments demonstrate that the testing effect occurs with both open-and closedbook tests, and that subjects fail to predict the effectiveness of testing relative to studying in enhancing later recall.
performance. Closed-book tests, on the other hand, do not provide feedback during the test and any feedback occurs after students have completed the test at the earliest. Research using a variety of paradigms has shown that delayed feedback often promotes better long-term retention than providing immediate feedback. For instance, this principle has been demonstrated repeatedly in motor learning research (e.g. Schmidt, Young, Swinnen, & Shapiro, 1989) . Butler, Karpicke, and Roediger (in press) showed that the positive effect of delayed feedback generalizes to educationally relevant tasks, as well. They found that delaying the presentation of feedback until after subjects had completed a multiple-choice test produced better long-term retention than presenting immediate feedback after each question on the test. Thus, although students might perform better on initial open-book tests than on closed-book tests because students have access to immediate feedback, closed-book tests may enhance long-term retention more than open-book tests due to the benefits of delayed feedback. Still, prior research on adjunct questions, pioneered by Rothkopf (1966) , examines questions that are inserted either before (i.e. prequestions) or after (e.g. postquestions) a short passage. The typical finding in the adjunct question literature is that prequestions and postquestions result in similar retention of information (Anderson & Biddle, 1975; Rickards, 1979) . Considering that open-book test questions may serve a similar purpose as prequestions (e.g. subjects can look over the questions before and during reading), while closed-book test questions are similar to postquestions, it remains unclear which test format promotes the greatest long-term retention.
The two experiments reported here examined the testing effect with open-and closed-book tests. In both experiments, students studied prose passages about a variety of educationally relevant topics (e.g. history, science and literature) and took short answer tests that were either closed-book (students took the test without viewing the passage) or open-book (students viewed the passage while taking the test). Experiment 1 investigated six conditions. Two conditions involved closed-book tests. In one closed-book test condition, subjects studied a passage one time and then took a short answer test. In another closed-book test condition, subjects studied the passage, took the short answer test and then received feedback by viewing the passage again and grading their test answers. Two other conditions involved open-book tests. In one open-book test condition, subjects read a passage and then took the short answer test while viewing the passage a second time. In another open-book test condition, subjects took the test and viewed the passage without a prior reading of the passage. We refer to this as the 'simultaneous answering' condition. The simultaneous answering condition is similar to what students might do if they answered practice questions (e.g. as if questions were embedded in a textbook chapter) without reading the text in advance. We also compared the open-and closed-book test conditions against a control condition in which subjects studied the passage but did not take an initial test, as well as against a non-studied control condition in which subjects only took a final test on the passage to measure baseline knowledge. Our primary interests were the effects of open-and closed-book tests on initial test performance and on long-term retention assessed after a week delay.
We expected to observe testing effects in both experiments; based on prior research we predicted that taking a test would enhance long-term retention more than studying the passage once. We also expected that providing feedback after an initial test would produce a positive effect on long-term retention (e.g. the closed-book test with feedback condition would outperform the closed-book test condition on the final test). Our primary goal was to determine whether open-or closed-book tests would be differentially or equally effective in producing a testing effect on the delayed final test.
EXPERIMENT 1 Method
Subjects Thirty-six subjects (26 females, ages 18-24 years old) were recruited from the Washington University in St. Louis Department of Psychology human subject pool. Subjects received either credit towards completion of a research participation requirement or cash payment.
Materials
Six prose passages, each approximately 1000 words in length (M ¼ 998.67), were selected from a textbook used in education (Cooper et al., 1996) . Each passage covered a single topic ('Arctic Explorer', 'Falcon', 'Fossils', 'Twisters', 'Voyager' and 'Wolves') and the average Flesch Reading Ease score for the six passages was 76.13 (Flesch, 1948) . Each corresponding test consisted of seven short answer questions based on facts and ideas contained in each passage. For example, the following excerpt is from the passage about the Voyager spacecraft:
The Voyagers were not very big-each one was about the size of a small car-but they were the most advanced spacecraft ever designed. The scientific instruments they carried included special cameras with telescopic lenses. These cameras would take close-up pictures of the giant planets and the surfaces of their moons. Other instruments would measure ultraviolet and infrared light. This light, invisible to normal cameras, would tell scientists more about the temperatures of the planets and what they are made of.
The corresponding test question asked, 'Why did the Voyager have instruments that would measure ultraviolet and infrared light?' The test questions were identical on the initial and final tests. Questions appeared on the test in the order in which the facts occurred in the passage. Table 1 shows the conditions used in the experiment. The six passages were presented in the same order for all subjects, but the order in which the six conditions occurred was counterbalanced. A Latin square was used to counterbalance the conditions, creating six counterbalancing orders and six subjects were assigned to each of the six orders. The six conditions were manipulated within-subjects. Once subjects completed one condition (e.g. studying and taking the test in the closed-book test condition), they moved on to the next condition, according to their counterbalancing order. Subjects were tested individually or in small groups. In Session 1, subjects were instructed that they would read several prose passages, which might or might not be followed by a test. Thus, subjects did not know whether to anticipate a closed-book test, an open-book test or another passage. During a study period, subjects were told to read the passage and hand it back to the experimenter when they were finished; thus, study periods were self-paced. During a test, subjects were asked to write a response for every question, to be as detailed as possible, and to hand the test to the experimenter when complete; thus, test periods were also self-paced. The experimenter observed compliance with all instructions provided.
Procedure
In the study-once condition, subjects read the passage one time and were not tested on it. In the closed-book test condition, subjects read the passage one time and then took a short answer test without viewing the passage again. In the closed-book test with feedback condition, subjects read the passage, took the short answer test without viewing the passage and then were given the passage and told to check their answers. Specifically, they were instructed to circle answers that were correct and to write an X through incorrect answers, without changing or adding to their original answers. In the open-book test condition, subjects read the passage one time and then were able to view the passage while taking the short answer test. In the simultaneous answering condition, subjects read the passage and completed the short answer test at the same time, but did not read the passage before taking the test. Finally, one passage was not studied in Session 1 but was tested in Session 2 to assess prior knowledge of the material on the final test.
Session 2 occurred 1 week after Session 1. In Session 2, subjects took final short answer tests over all six passages, without restudying or reviewing the passages (i.e. the final tests were closed-book). At the end of the experiment, subjects were debriefed and thanked for their time.
Results

Scoring
Subjects' responses on each test question were scored on a 3-point scale. Three points were awarded for detailed and complete answers; two points were given for correct but less detailed answers; one point was given for reasonable guesses that could have been drawn from prior knowledge rather than from passage content; and zero points were given for incorrect or blank answers (see Appendix for sample responses). Each test included seven questions, so the maximum score obtained on each test was 21 points. Two raters scored 10% of the tests and the Pearson product moment correlation between their scores was r ¼ .98. Given the high inter-rater reliability, one rater scored the remaining tests. We also analysed the data by giving one point for correct answers and zero points for incorrect answers, and the pattern of results was the same by both scoring methods. Thus, we report analyses based on the 3-point scoring method. Table 2 shows the mean proportion correct on the initial tests and shows that subjects performed better on the open-book tests than on the closed-book tests, which is understandable. In fact, performance on the open-book tests were not perfect primarily because of the 3-point scoring system requiring detailed answers, which were not always provided. Errors of commission were rare (e.g. approximately 4% of all responses across conditions were incorrect answers). A one-way ANOVA revealed a main effect of the four test conditions on initial recall performance, F(3, 105) ¼ 11.27, h 2 p ¼ .24. Combining the two open-book conditions and combining the two closed-book conditions, subjects performed better on the test when they could consult the passage (i.e. open-book test conditions, M ¼ .82) than when they could not consult the passage (i.e. closed-book test
Initial test performance
is an estimate of the probability of replicating the direction of an effect; see Killeen, 2005) . Table 2 also shows the mean proportion correct on the week-delayed criterial test for each condition. Performance in the non-studied control condition was relatively low (M ¼ .18), far below all other conditions. A one-way ANOVA on the remaining five conditions revealed a main effect of learning condition on final recall performance, F(4, 140) ¼ 14.84, h 2 p ¼ .30. Table 2 shows that both open-and closed-book tests produced large testing effects: All four test conditions led to better long-term retention than the study-once condition, ts(35) > 3.48, ds > .87, p reps > .99, confirming the testing effect under these disparate conditions. Performance in the closed-book test with feedback condition (M ¼ .68) was greater than performance in the closed-book test without feedback 
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condition (M ¼ .59), t(35) ¼ 2.58, d ¼ .57, p rep ¼ .94,
Discussion
In Experiment 1, taking an initial test after studying produced better long-term retention than studying without testing. Testing effects were observed with closed-book tests, when subjects did not view the passage while testing, and with open-book tests, when subjects were allowed to view the passage during the test. An effect of feedback was also present: the closed-book test with feedback condition resulted in greater final performance than the closed-book test without feedback condition. Although open-book tests led to better initial performance than closed-book tests, the open-book tests resulted in similar performance to the closed-book tests after a delay. EXPERIMENT 2
Experiment 2 had two main purposes. First, we wanted to replicate the testing and feedback effects observed in Experiment 1 and examine the effects of repeated studying on long-term retention. One criticism sometimes levelled against testing effect research is that when a study-test condition outperforms a study-once control condition, the testing effect could be due to re-exposure to the material rather than testing per se. Repeated study conditions alleviate this concern by re-exposing subjects to the entire set of the material, thus equating the number of times subjects are exposed to the material in the study and test conditions. Still, the testing effect occurs even with this more stringent control (see Hogan & Kintsch, 1971; Roediger & Karpicke, 2006a,b; Wheeler, Ewers, & Buonanno, 2003) . In Experiment 2, we investigated conditions where students read a passage once (study 1Â), twice (study 2Â) or three times (study 3Â). The number of exposures in the study 2Â condition was equal to the number of exposures in the open-and closed-book test conditions. Likewise, exposure to material in the study 3Â condition was equal to the number of exposures in the closed-book test with feedback condition. For all test and relevant study control conditions, we predicted that testing would lead to better long-term retention than repeated studying. The second purpose of Experiment 2 was to examine subjects' metamemorial abilities following repeated studying or testing in open-or closed-book test conditions. In Session 1, after the last period in each condition (i.e. following the last study period in the repeated study conditions, or after the test/feedback period in the test conditions), we asked subjects to predict how well they would remember the passage on a final test in 1 week (i.e. to provide an aggregate judgment of learning). We expected to find differences in judgments of learning (JOLs) in the study and test conditions, based on the idea that subjects rely on different cues when making JOLs after studying or testing (Dunlosky & Nelson, 1992; Koriat, 1997; Roediger & Karpicke, 2006b ). In particular, prior research showed that after studying, subjects base their JOLs on the difficulty of the material or learning task, whereas following testing, subjects base their JOLs on the subjective likelihood of recalling an item. We also examined differences in JOLs in the open-and closed-book test conditions, as subjects may use different cues when making JOLs following these types of tests. JOLs bear practical importance because they indicate what study strategies students choose and guide students' allocation of subsequent study-time (see Kornell & Metcalfe, 2006; Nelson & Narens, 1994; Son & Metcalfe, 2000) .
Experiment 2 examined eight conditions (see Table 3 ). Two involved restudying without testing (the study 2Â and study 3Â conditions). The remaining six conditions (a study 1Â condition, four test conditions and a non-studied control condition) were the same as those used in Experiment 1. After the last period in each condition during Session 1, subjects made an aggregate prediction of how well they would remember the passage on a final test in 1 week. One week later, subjects took final short answer tests over all of the passages (as they did in Experiment 1).
Method
Subjects Forty-eight subjects (32 females, ages 18-23 years old) were recruited from the Washington University in St. Louis Department of Psychology human subject pool. These subjects did not participate in Experiment 1 and they received either credit towards completion of a research participation requirement or cash payment.
Materials
Eight passages were used in Experiment 2. The six passages used in Experiment 1 were used again, and two additional passages (titled 'Earthquakes' and 'Santa Fe Trail') were selected from the same source as the other passages. The average Flesch Reading Ease score for the eight passages was 74.63 (Flesch, 1948) . Each passage was approximately 1000 words in length (M ¼ 1001.25), and short answer tests were constructed by the same method used in Experiment 1.
Procedure
The procedure was similar to that used in Experiment 1. Table 3 shows the within-subjects conditions used in Experiment 2. The eight passages were presented in the same order for all subjects, but the order in which the eight conditions occurred was counterbalanced. A Latin square was used to determine eight counterbalance orders and six subjects were assigned to each of the eight orders. Once subjects completed one condition (e.g. studying and taking the test in the closed-book test condition), they moved on to the next condition, according to their counterbalancing order. Subjects did not know what to expect after reading a passage for the first time (i.e. whether they would re-read the passage, take a closed-book test, or take an open-book test). The experimenter observed compliance with all instructions provided.
Subjects were tested individually or in small groups. Three of the passages were studied but not tested in Session 1. In the study 1Â condition, subjects read the passage one time. In the study 2Â condition, subjects read the passage two times and in the study 3Â condition, they read the passage three times. The four test conditions (two open-and two closed-book test conditions) and the non-studied control condition were identical to those used in Experiment 1.
After the last study/test period in each condition, subjects made an aggregate JOL by predicting how well they would remember the passage after a delay. Specifically, subjects were asked, 'How well do you think you will remember this passage in 1 week?' Subjects made their judgments using a 0-100% scale, where 0% meant that they did not think they would remember anything from the passage in 1 week, 100% meant they thought they Session 2 occurred 1 week after Session 1. In Session 2, subjects took final short answer tests over all eight passages without restudying or reviewing the passages (i.e. the final tests were closed-book). Final short answer test questions were the same as initial short answer test questions. At the end of the experiment, subjects were debriefed and thanked for their time.
Results
The 3-point scoring method used in Experiment 1 was used again in Experiment 2. Two raters scored 10% of the tests and the correlation between their scores was r ¼ .97. Given the high inter-rater reliability, one rater scored the remaining tests. Table 4 also shows the mean proportion correct on the week-delayed criterial tests. Performance in the non-studied control condition was, again, relatively low (M ¼ .16) and all other conditions showed learning relative to this baseline condition. A one-way ANOVA on the remaining seven conditions demonstrated a main effect of learning condition on final recall performance, F(6, 282) ¼ 27.49, h 2 p ¼ .37. The top portion of Table 4 shows a positive effect of repeated studying on long-term retention: Performance in the study 2Â (M ¼ .50) and the study 3Â (M ¼ .54) conditions was greater than performance in the study 1Â condition (M ¼ .40), ts(47) > 3.95, ds > .65, p reps ¼ 1.00.
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Testing enhanced long-term retention more than restudying, and the test conditions outperformed their relevant study control conditions. Similar to Experiment 1, all four testing conditions led to greater final performance than the study 1Â condition, 
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Finally, Table 4 shows subjects' mean JOLs made after the last period in Session 1 in each condition. Overall, subjects' JOLs increased with repeated studying. Subjects predicted that they would recall more after studying twice (M ¼ .65) than after studying once
, and that they would recall more after studying three times (M ¼ .71) than after studying twice, t(47) ¼ 3.13, d ¼ .36, p rep ¼ .98. In contrast, JOLs did not differ across the four test conditions. A one-way ANOVA confirmed that there were no differences among the open-and closed-book test conditions (F < 1).
A closer examination of predicted (JOLs) and actual final recall performance shows a striking dissociation: When equating the number of presentations, JOLs were greater after repeated studying than after testing following two or three exposures to material, even though final recall was greater after testing than after restudying in the relevant comparison conditions. Figure 1 shows JOLs and final recall in conditions in which subjects were Figure 1 . Predicted vs. actual final test performance as a function of the number of exposures in Experiment 2. Error bars represent standard errors of the mean exposed to the passages once (the study 1Â and simultaneous answering conditions), two times (the study 2Â and closed-book test conditions) and three times (the study 3Â and closed-book test with feedback conditions). The figure shows that after one exposure to the material, subjects predicted they would recall more in the simultaneous answering condition than in the study 1Â condition, consistent with actual final test performance. Following more than one exposure to material, however, subjects predicted they would recall more in the restudy conditions than in the test conditions, inconsistent with actual final test performance since testing enhanced long-term retention more than repeated studying. The results in Figure 1 indicate that subjects have little metacognitive awareness of the testing effect, a point to which we return in the General Discussion.
Discussion
Experiment 2 showed that both an open-book test and a closed-book test with feedback enhanced long-term retention more than studying once, repeated studying or testing without feedback, replicating testing and feedback effects observed in Experiment 1 and in previous research.
In addition, open-book tests produced better initial performance than closed-book tests, but open-book tests led to similar performance relative to closed-book tests after a delay. Finally, perhaps most striking were the differences in JOLs following study and test conditions: Subjects predicted they would recall more after repeated studying than after testing, even though testing enhanced long-term retention more than restudying.
GENERAL DISCUSSION
The primary results of our research can be summarized as follows. First, both open-and closed-book tests produced a testing effect: Taking a test enhanced long-term retention more than studying the passage once, and Experiment 2 showed that testing produced better long-term retention than repeated studying, replicating previous findings (Roediger & Karpicke, 2006b Finally, in Experiment 2, when subjects were asked to predict how well they would remember material in the future, they predicted that they would remember the passages better after repeatedly studying them than after testing on them, even though the opposite result was true. We focus our discussion on the latter two results: (1) An initial benefit from open-book tests does not last after a delay and (2) subjects predict that they will recall more after restudying than after testing, in opposition to their actual recall performance. Although we consistently found that performance was better on initial open-book tests than on closed-book tests, this outcome may not occur in real world educational settings in which students regulate how they study based on the type of test they expect. In our experiments, subjects did not know whether to expect an upcoming open-or closed-book test after studying the passage. Prior research suggests that students who expect an open-book test may study less (or less effectively) than those who expect a closed-book test (Ioannidou, 1997) . Other classroom studies have also reported that students sometimes perform worse on open-book tests than on closed-book tests because they prepare less effectively when they will be allowed to use their notes or textbooks during the test (Boniface, 1985; Kalish, 1958; Pauker, 1974; Weber, McBee, & Krebs, 1983) . Thus, in comparison to closed-book tests, open-book tests may have a negative effect of reducing the effectiveness of students' studying.
In addition, we suspect that any positive effects of closed-book tests may be even more powerful in a repeated testing design. For example, the challenging processing required on two initial closed-book tests with feedback (i.e. study-closed-book test-feedbackclosed-book test-feedback) may produce much better long-term retention than having two initial open-book tests (e.g. study-open-book test-open-book test), even though performance would be at ceiling on the second test in both conditions. Of course, these speculations await further research.
Our results in the current study lend support to the idea that challenging retrieval processes promote long-term retention (see too Bjork, 1999; Chan, McDermott, & Roediger, 2006; McDaniel, Roediger, et al., 2007; Roediger & Karpicke, 2006a) . Both open-book and closed-book tests can be considered a desirable difficulty (Bjork, 1994 (Bjork, , 1999 in that they require more difficult, challenging processing than restudying a passage, yet this difficult processing benefits long-term retention. The results can also be explained by a theory of retrieval difficulty proposed by Bjork and Bjork (1992) . They argued that information in memory might be characterized in terms of two strengths: Storage strength, which refers to a permanent property of the information that determines long-term retention, and retrieval strength, which refers to the momentary accessibility of the information. In their theory, increments in retrieval strength are negatively correlated with increments in storage strength. That is, when retrieval strength is high and information is easily accessible, the retrieval of that information produces small increments in storage strength. In contrast, lower retrieval strength and more difficult retrieval produce greater increments in storage strength and thereby promote long-term retention, assuming the item can be retrieved. In the present experiments, open-book test conditions increased the momentary accessibility of some of the information, as evidenced by high initial performance in these conditions. The retrieval of accessible information on the initial open-book tests, however, produced small increments in storage strength. This resulted in similar long-term retention following open-book tests relative to retention following closed-book tests.
Turning now to our metamemory results, Experiment 2 showed that subjects predicted they would recall more after repeated studying than after testing (i.e. after two or three exposures to material), even though the opposite was true and testing enhanced long-term retention. Prior research has revealed similar results. Roediger and Karpicke (2006b) showed that students predicted they would recall more on a delayed final test after studying a passage in four study periods than after studying once and taking three free recall tests. Karpicke, McCabe, and Roediger (2007) extended this finding by showing that subjects are generally overconfident and fail to predict forgetting over a week delay after repeated studying, whereas they are underconfident and do take forgetting into account after repeated testing (cf. Koriat et al., 2004) . Thus, the emerging result in the testing effect literature is that although testing enhances long-term retention, students generally lack metacognitive awareness of the testing effect (see too Karpicke, Butler, & Roediger, 2007) .
The different patterns of JOLs following studying and testing can be explained within the cue-utilization framework proposed by Koriat (1997) . Koriat offered that JOLs are inferential in nature and can be based on a variety of cues available in a given context. He distinguished among three broad classes of cues: Intrinsic cues, which are properties of the materials that disclose their inherent ease or difficulty; extrinsic cues, which are properties of the learning task such as the number of times an item was studied; and internal mnemonic cues, which are subjective indices of the likelihood an item will be recalled such as encoding or retrieval fluency. Koriat argued that a test during learning leads subjects to shift from reliance on intrinsic or extrinsic cues to utilization of mnemonic cues (see too Koriat, Sheffer, & Ma'ayan, 2002) . In the present study, the results of Experiment 2 are consistent with the cue-utilization framework in that subjects relied on intrinsic or extrinsic cues when making JOLs after studying, but they used internal mnemonic cues to make JOLs after testing. Of course, differences in JOLs have important practical implications because students often base decisions about what to study and when to stop studying on their subjective assessment of their own learning. Clearly, JOLs differ greatly when made at study or at test.
In sum, although open-book tests are gaining popularity and result in large initial benefits, they produce a similar amount of long-term retention as traditional closed-book tests. Still, both types of tests enhance learning more than restudying or testing without feedback, thus open-book and closed-book tests should be used as strategies to improve the retention of material. In addition, subjects predicted they would recall more in the future after repeated studying than after testing, even though the opposite was true and testing enhanced long-term retention relative to restudying. This metacognitive illusion could have dire consequences for students when they must monitor and regulate their own learning.
APPENDIX Sample test responses
The following is an excerpt from the passage about the Voyager spacecraft:
The corresponding test question asked, 'Why did the Voyager have instruments that would measure ultraviolet and infrared light?'
Example of a response to the above question receiving three points for a detailed and complete answer: 'The Voyager had instruments that would measure ultraviolet and infrared light in order to tell scientists about planet temperatures and composition'.
Example of a response receiving two points for a correct but less detailed answer: 'The Voyager had instruments that would measure light in order to tell scientists about planet temperatures'.
Example of a response receiving one point for a reasonable answer that could have been drawn from prior knowledge: 'The Voyager had instruments that would measure light in order to provide more information about the planet'.
